The emission of light in the marine ostracod Cypridina hilgendorfii (presently Vargula hilgendorfii) is produced by the Cypridina luciferin-luciferase reaction in the presence of molecular oxygen. Cypridina luciferin has an asymmetric carbon derived from isoleucine, and the absolute configuration is identical to the C-3 position in L-isoleucine or D-alloisoleucine. To determine the stereoselective incorporation of the isoleucine isomers (L-isoleucine, D-isoleucine, L-alloisoleucine, and D-alloisoleucine), we synthesized four 2 H-labeled isoleucine isomers and examined their incorporation into Cypridina luciferin by feeding experiments. Judging by these results, L-isoleucine is predominantly incorporated into Cypridina luciferin. This suggests that the isoleucine unit of Cypridina luciferin is derived from L-isoleucine, but not from D-alloisoleucine.
The luminous marine ostracod Cypridina hilgendorfii (presently Vargula hilgendorfii) lives near the coast around Japan. The luminescence system has been investigated extensively, since Harvey reported the luciferin-luciferase reaction in 1917. 1) When the specimen is stimulated physically or electrically, it expels Cypridina luciferin (1) and Cypridina luciferase into the seawater to produce a brilliant bluish luminescence. The chemical structure of Cypridina luciferin (1) , which possesses an imidazopyrazynone skeleton with side residues of isoleucine, arginine, and tryptophan, was determined by Kishi et al. (Fig. 1) . [2] [3] [4] An asymmetric carbon of the isoleucine unit in 1 was determined to be (S)-configuration by chemical and enzymatic procedures. 3) Recently, it has been demonstrated that 1 can be biosynthesized from three L-amino acids (L-arginine, L-isoleucine, and L-tryptophan), but not from tryptamine or D-tryptophan. [5] [6] [7] [8] But it was not determined whether the origin of the single asymmetric carbon in 1 was from L-isoleucine or D-alloisoleucine. In this study, we examined the stereoselective incorporation of four 2 Hlabeled isoleucine isomers 2-5 ( Fig. 2) Ã )-6 by the same procedures as above. The structures and purity of the stereoisomers were determined by NMR. The enantio purity of the stereoisomers was analyzed by HPLC with a chiral column: Chiralpak MA(+) (4:6 Â 50 mm, Daicel Chemical Industries, Osaka, Japan); mobile phase, 2 mM CuSO 4 aqueous solution; flow rate, 0.5 ml/min; UV detection, 254 nm. Each product contained trace of the diasteromer (0.4% in 2, 0.9% in 3, and 1.6% in 4 and 5), but not the enantiomer (Fig. 3 ). The efficiency of 2 H-labeling was determined by flow injection analysis on an ESI-ion trap-mass spectroscopy (ESI-IT-MS): Agilent 1100 HPLC system (Agilent Technologies, Palo Alto, CA) with an Esquire 3000 (ESI-IT-MS; Bruker Daltonics, Billerica, MA) in the positive mode, and the mobile phase was 50% methanol containing 0.1% formic acid at a flow rate of 0.2 ml/min (Table 1) .
For feeding experiments, the specimens were collected at Mukaishima, Hiroshima, Japan on 25 July 2005, and were kept in an aquarium at 25 C. Each isomer of 2 H-labeled isoleucine (25 mg) was dissolved in aqueous extracts of porcine liver (1 ml) and gelled in 3% agarose (Type VII, Sigma, St. Louis, MO). After feeding of a piece of the gel for 5 d, three specimens were frozen in liquid nitrogen and extracted in 3 times weight volume of ethanol. A portion (1 ml) of the extract was analyzed on LC/ESI-IT-MS (Table 2) : Agilent 1100 HPLC system with Esquire 3000; column, a Cadenza CD-C18 (2:0 Â 75 mm; Imtakt, Kyoto, Japan) with an Unison US-C18 precolumn (2:0 Â 5 mm, Imtakt); mobile phase, methanol-water containing 0.1% formic acid, linear gradient from 25% to 65% methanol for 20 min; flow rate, 0. respectively (Table 2) , whereas no detectable incorporation of D-[4,5-2 H]isoleucine (3) was observed. The small incorporation of 4 might be attributed to L-[4,5-2 H]isoleucine (2) in synthesized 4 (Fig. 3) . In conclusion, L-isoleucine is stereoselectively incorporated into Cypridina luciferin (1) . This suggests that the isoleucine unit of Cypridina luciferin (1) is derived from Lisoleucine, but not from D-alloisoleucine.
Experimental Platinum black, aminoacylase I (from porcine kidney, EC 3.5.1.14, 4300 U/mg) and D-aminoacylase amano (from Escherichia coli, EC 3.5.1.81, 10.1 MU/g) were purchased from Wako Pure Chemical (Tokyo), and 2 H 2 gas was purchased from Shoko (Tokyo).
1 H-NMR (600 MHz) and 13 C-NMR (150 MHz) spectra were recorded on a Bruker AMX2-600 spectrometer. Chemical shifts of 1 H-NMR were given in ppm relative to the solvent peak of CD 2 HOD ( 3.5) or the internal standard of 1,4-dioxane ( 3.75). Chemical shifts of 13 C-NMR were given in ppm relative to the solvent peak of CD 3 OD ( 49.0) or the internal standard of 1,4-dioxane ( 69.3). Elementary analyses were performed on a Tokyo) .
; 365 mg, 2.16 mmol) and platinum black (19.1 mg) in ethyl acetate (11 ml) was stirred under 2 H 2 at room temperature for 40 min. The mixture was filtered, and the filtrate was evaporated under reduced pressure. The residue was dissolved in MeOH and evaporated again to give 374 mg (98% yield) of [4,5- C for 12 h. After incubation, the solution was adjusted to pH 5 with 1 M HCl, and the enzyme was denatured at 60 C for 10 min and then filtered. The filtrate was acidified to pH 1 with 1 M HCl and extracted with ethyl acetate. The aqueous layer was applied to the cation exchange column as described above. 
